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ABSTRACT
A study was performed to develop an accurate,
on-line method of determining the cuprous chloride
concentration in a typical cupric chloride etcher. A
technique was developed using the slope between two
spectrophotometric absorption points produced by scanning
a solution sample.
An on-line monitor was developed to produce a
faster and more accurate method of solution concentration
control for a typical cupric chloride etching solution.
Slope increased linearly with increasing cuprous
concentration when the 535 and 560 nanometer bandwidth
filter combination was used. Monitor accuracy was found
to be independent of cupric concentration, hydrochloric
acid concentration, and temperature over the cuprous
concentration range of interest which extends from zero to
twenty grams per liter.
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I . INTRODUCTION
Several chemical and physical processes are employed
in the manufacture of printed wiring boards (PWBs) . Most
of the processes are open loop chemical systems in which
the chemical bath conditions are monitored by periodically
taking samples for analysis in a remote chemical process
control lab. Improved control efficiency can be achieved
by using on-line sensors and feedback controls to autom
ate the mixing and process control monitoring of the
baths. Many of the sensors which are needed to complete
the automation process are not commercially available and,
therefore, must be developed.
A cupric chloride etchant bath was chosen for
analysis and automation for this particular study. This
bath is used in the print-and-etch processing of
multilayer board innerlayers.
A) Print and Etch of Multilayer Innerlayers
Cupric chloride is a copper etchant used in the
processing of multilayer boards. A multilayer board (MLB)
is a laminated, printed wiring board (PWB) assembly of
innerlayers, epoxy sheets, and outerlayers. [1] A variety
of printed circuit features are generated on either side
of the copper clad innerlayer by the print and etch
process. The required features are photo-printed with an
etch resist, and the unwanted copper, which is not covered
with the etch resist, is removed from the innerlayer panel
with a suitable copper etchant. Refer to Figure 1.
Figure 1
CROSS SECTIONAL VIEW OF THE PRINT AND ETCH PROCESS
IMAGED
Photo Resist
Laminated Copper
Base Material
ETCHED
RESIST REMOVED
[2]
After stripping the etch resist off the copper, the
circuitry is electrically tested, repaired if necessary,
and its surface is prepared for the MLB lamination.
B) Technology and Chemistry of Etching Solutions
The choice of a copper etchant is determined by the
following factors:
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Printed wiring board design
Compatibility with etch resist
Requirements of final circuit geometry
Etching rate (speed)
Dissolved copper capacity
Ease of process control
Ease of equipment maintenance
Costs and economics
High yield
Regeneration and replenishment
Material recovery
Disposal and pollution control [3]
Cupric chloride is a type of copper etchant which is
compatible with resists that include screened inks,
photopolymers, gold, and tin-nickel. Solder (lead-tin)
and tin boards are not compatible with cupric chloride
etching solutions. [4] Specific advantages associated with
cupric chloride etching systems include closed-loop re
generation, low cost, and a constant predictable etch
rate. [5] Also steady-state etching with acidic cupric
chloride allows for a high through-put of panels, material
recovery, and reduced pollution. [6] Dissolved copper cap
acity is high compared with that of batch operation.
Regeneration is complex but readily maintained.
C) Etching Reactions and Regeneration
When copper panels are loaded into the cupric chloride
etching solution, the following etching reaction takes
place at the surface of the panel:
Cu'
CuCl. -> 2CuCl
[7]
As the cupric chloride etching process continues, cupric
ions (Cu++) , which are responsible for etching at the
surface of the panel, are converted to cuprous ions (Cu+) .
This can be represented in ionic form as:
Cu
+
Cu++
>
[8]
Cu represents the copper board to be etched, Cu++ is the
cupric ion responsible for the etching, and 2Cu+ is the
cuprous ion formed as a product of the reaction. From the
above equations it is evident that etching one atom of
copper with one cupric ion produces two cuprous ions. [9]
This must be considered in the regeneration process. In
order to maintain a stable etch rate, the relatively
insoluble CuCl is solubilized by adding chloride ions in
excess as HCL, NaCl, or NH CI. This complex formation is
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as follows:
CuCl2 +
CI"
> CuCl
[10]
The three methods of regeneration include air, chlor-
ination, and electrolytic. It should be noted that
perfect regeneration is a complex reaction which is not
always possible to obtain.
(1) Regeneration by air is given by the following reaction:
2Cu2Cl2 + 4HC1+ 2
^
4CuCl2 + m20
[UJ
However, it should be noted that this method of regenera
tion is not used because the oxygen reaction rate in acids
is slow and the solubility of CuCl in hot solutions is
low. Spray etching includes air oxidation.
(2) Regeneration by chlorination occurs according to the
following reaction:
Cu2Q2 + CU > 2CuCl2
[12]
Perfect regeneration by chlorination can only be obtained
by re-oxidizing one of the cuprous ions into a cupric ion
and removing the other cuprous ion from the etching
solution as copper metal.
(3) Electrolytic regeneration occurs according to the
following reaction.
Cathode
Cu+
+ e- >
Cu
+
Cu ->
++
Cu + e- Anode
This results in the following overall reaction:
2Cu > Cu
++
Cu"
[13]
which is an exact reversal of the etching reaction and
perfect regeneration is obtained.
In this experiment, closed-loop etching and regener
ation by chlorination were investigated. Advantages to
direct chlorination as a method of regeneration of cupric
etchant solution include its low cost, high rate, and
efficiency. Recovery of copper and pollution control are
additional benefits to be considered. The following
diagram illustrates a cupric chloride chlorination re
generation system.
Figure 2 CUPRIC CHLORIDE
CHLORINATION REGENERATION SYSTEM
~> ETCHER
H20 NaCl - HC1
4/ \s
DILUTION <r
NaOH
NEUTRALIZE
4-
NaCl to DRAIN
\K
REGENERATION
COPPER
-> HYDROXIDE
SLUDGE
[14]
Chlorine, HC1, and NaCl solutions are automatically fed
into the system as required. Sensing devices include
redox and colorimeter (for Cu oxidation state measure
ment) , densitometer (to monitor Cu concentration) , etch
rate monitor, level sensor, and thermostats.
Chlorination is a reliable and controllable chemical
reaction. Nevertheless, special considerations must be
given to safety, solution control, and temperature
variations. Use of chlorine gas requires adequate
ventilation and leak detection equipment. The pH of the
solutions must be carefully controlled. An increase in pH
will cause the copper colorimeter to give erroneous
readings due to turbidity in the solution. Also excess
NaCl (at 18-20 oz/gal of copper) could cause
coprecipitation of salts when the solution is cooled and
therefore the solution temperature must be maintained at
120-130F. [15]
D) Current Control Methods
Current control methods used to measure copper cont
ent of the etchant include measurement of the oxidation-
reduction potential (ORP) and a density measurement of the
total solution. This system uses an oxidation-reduction
potential electrode and automatically adds chlorine gas
under vacuum from a bulk supply. The density measurement
is based on specific gravity. The required dilution for
maintaining specific gravity is dependent on the
total copper content of the solution. All other
chemicals in the etchant are assumed to be constant.
Neither the ORP nor the density measurement methods
of solution control provide complete on-line monitoring
or control for replenishment. The development of an
on-line monitoring and a control system for the replen
ishment for the cupric chloride etchant would provide a
faster and more accurate method of solution concentration
control. A more accurate method of solution concentra
tion control would result in the production of a better
product, an increase in yield, and an overall reduction in
production cost.
II . EXPERIMENTAL
The main objective of this experiment was to develop
a device to sense and monitor the cuprous content in a
cupric chloride etchant based on spectrophotometric tech
niques. The analysis technique and the monitor were
developed with the following experimentation.
A) Preliminary Preparation and Investigation
Initial preparation for this experiment consisted of
preliminary testing with a Bausch & Lomb Spectronic
2 000 spectrophotometer and an x-y plotter. Various
amounts of cuprous chloride were added to a typical
cupric chloride solution. Concentrations for the typical
cupric chloride solution are as follows:
182 ml hydrochloric acid
380g cupric chloride
water to make one liter
The above cupric chloride etching solution served as
a reference solution for this experiment and was prepared
by adding 182 milliliters of hydrochloric acid to 400
milliliters of deionized water while mixing in a fume
hood. Portions of the cupric chloride quantity were added
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and dissolved until all of the 380 grams per liter were
dissolved into the acid-water solution. Water was then
added to make one liter.
Various amounts of the preceding cupric chloride
solution were pipetted into separate beakers and known
amounts of cuprous were added to form dilutions which
consisted of zero, five, ten, fifteen, twenty, twentyfive,
and thirty grams per liter. Zero grams per liter served
as the reference solution. Eye droppers were then used
to place these various solutions into one millimeter
cuvettes and scanned against the reference solution which
was also placed in a one millimeter cuvette with an eye
dropper.
Spectrophotometric scans of the standard cupric
chloride solution with known amounts of cuprous added
were performed on the Bausch & Lomb Spectronic 2 000.
All scans performed on the spectrophotometer were done in
the absorbance mode. The standard cupric chloride solu
tion was used as a reference, and one millimeter quartz
cuvettes were used to solve the problem of solution
opacity. Additional programmable settings for the Bausch
& Lomb Spectronic 2 000 are located in Appendix A.
Scans of the standard cupric chloride reference
solution against the same solution with the previously
stated cuprous concentrations, resulted in a curve of
absorbance differences which resemble half of a parabola
in the 525 to 600 nanometer wavelength interval. For ease
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of calculation, the slope of this curve was calculated by
dividing the change in absorbance by the relative
wavelength interval of thirty units (where 10 units is
equal to 25 nanometers) . Refer to Figure 3 for an
illustration and an example of an actual slope
calculation.
Figure 3
ACTUAL SLOPE CALCULATION
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40 .
30 ,
20
10
0
;-.;;-h
::;
:
.:j
n." 3.
\
:_i~r+:-7 4-
U-
_
" j --
A
*_
------
\ -'"--1B
S _. -_
^Y
\ -r:t:.::.-
.. 4 4i'.'"4. "4( )
R 1 . . j . . i
--4
B
A ^_
t-
, ,.__ v
N . . ^V 1- - : -. :.-b-- -
_
0 _
L-^^^-
-i ;... v'.'f: . .".E
. .
... . X 4 f-
4~
:
_j. 4
. . j 1 1- -.'. ' 1
CAL<:uu
i
5
TIO
>5
N:
NANOMETEIIS
6 DO
Y/X = 29/30 = 0.966
As the grams per liter of cuprous were increased, the
slope also increased. Refer to Figure 4.
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Figure 4
A
B
S
0
R
B
A
N
C
E
VARIOUS CONCENTRATIONS OF CUROUS vs
STANDARD CUPRIC CHLORIDE SOLUTION AS REFERENCE
g/i
C
u
p
R
O
U
S
zo-
15-
10-
20
5 10
5
.RE
o
5 .
525 600
X NANOMETERS
Specific slope, mean, and standard deviation are located
in Appendix B.
Experimentation on the effect of solution aging and
solution component variations were also performed. Although
all solutions containing cuprous were tightly sealed after
initial mixing, cuprous oxidized back to cupric and the
slope of the curves decreased. The slope of solutions
containing cuprous did not change during a one hour time
interval. Refer to Figure 5 for a general diagram of the
effects of solution aging.
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Figure 5
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For specific slope, mean, and standard deviation
calculations refer to Appendix C.
Next, experimentation on solution component variation
of hydrochloric acid and cupric chloride concentration
plus or minus twenty percent from the standard cupric
chloride was performed. Again, the various cupric chloride
solutions were scanned against the standard reference. As
indicated by Figure 6, variation of hydrochloric acid and
cupric concentration plus or minus twenty percent, when
scanned against the standard cupric chloride reference,
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did not significantly alter the slope of the curve in the
525 to 600 nanometer interval.
Figure 6
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VARIATION OF HC1 AND CUPRIC (2 0%) vs.
STANDARD CUPRIC CHLORIDE SOLUTION AS REFERENCE
[reference = 36.4ml HCl
76g Cupric]
62g Cupric
44ml HCL
Reference
26 ml HCL
699g Cupric
X NANOMETERS
Therefore, since there are no other components in the
cupric chloride etching solution, it was assumed that the
cuprous concentration was responsible for the slope
increases.
In order to simplify the design for the on-line
monitor and avoid having to use an additional flow thru
cell for the standard cupric chloride reference solution,
the possibility of using air as a reference was tested.
Again slope increased with increasing cuprous
15
concentration. However, the wavelength interval was
changed from 525 to 600 nanometers to 500 to 575
nanometers in order to obtain the optimum slope
as indicated by Figure 7.
Figure 7
CONCENTRATIONS OF CUPROUS INSTANDARD CUPRIC CHLORIDE SOLUTION vs. AIR REFERENCE
50
500
0 Reference
575
^ NANOMETERS
For specific slope, mean, and standard deviation
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calculations refer to Appendix D.
Slope (x) for the 500 to 575 nanometer wavelength
interval was then plotted against cuprous concentration
variation. This resulted in the linear plot located below
in Figure 8. For specific slope mean, and standard
deviation calculations refer to Appendix E.
Figure 8
SLOPE (X) VS. CUPROUS CONCENTRATION (g/1)
30
O Spectrophotometer l500-575nm.X]
CUPROUS CONCENTRATION (g/1)
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B. Monitor Design and Testing
Based on the preceeding results, the flow chart
located on this page was developed for a possible monitor
design. Refer to Figure 9.
Based on the flow chart for initial monitor design,
apparatus for the final monitor was obtained and
assembled. A diagram of the actual monitor design is
located on the following page. Refer to Figure 10.
Figure 9 FLOW CHART OF MONITOR DESIGN
LIGHT SOURCE
PUMP FLOV
THRU
WASTE i.
SAMPLE .,... fe
DRIVE CELL
zx
X
500
525
X
575
600
DETECTORS
OP
AMP
OP
AMP
LOG RATIO
AMPLIFIER
:
AMPLIFIER
SCALING
DEVICE
OUTPUT
DEVICE
FILTERS
Figure 10
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120V
POVER
SUPPLY
MONITOR DESIGN
FIBER OPTIC
CABLE-
DETECTORS
+ 15
VOLT
POVER
SUPPLY
SIGNAL
PROCESSOR
MULTIMETER
A pump circulates a sample through a one millimeter
flow thru cell and out to waste. A light source with a
fiber optic cable illuminates the sample. The sample
absorbs a portion of the light, and the remaining light
is transmitted into another fiber optic cable where it
is split and sent through 535 and 560 nanometer narrow
band width filters. The incident light is then converted
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to an electrical signal by two UDT-100 detectors. These
two signals are then sent to two operational amplifiers.
The op-amps amplify the signals from the detectors and
convert them to voltage signals. The signal is then fed
into a 757N log ratio amplifier. The log ratio amplifier
compares the two signals and outputs the log ratio of the
signals which is displayed on the multimeter. Refer to
Appendix F for diagrams and details on electrical
information concerning operational amplifiers and 757N
chip.
Monitor testing included changes in filter
combinations, as well as, cuprous, cupric, hydrochloric
acid, and temperature variations. Three different filter
variations were tested on the monitor. They included 53 5
and 560, 500 and 570, and 500 and 580 nanometer wavelength
combinations at zero, five, ten, fifteen, twenty,
twenty-five, and thirty grams per liter of cuprous.
The effect of cupric was tested by comparing the
slope for 322, 351, 380, 406.5, and 433 grams
per liter of cupric at zero, five, ten, fifteen, twenty,
twenty-five, and thirty grams per liter of cuprous.
The effect of hydrochloric acid was determined by
scanning it straight and comparing its slope to
that of water over the zero to thirty grams per liter
cuprous range .
The effect of temperature variation at room and
average etching temperature ranges was determined by
20
varying the temperature from 68 to 120F at 351 and 406.5
grams per liter of cupric and fifteen and twenty-five
grams per liter of cuprous.
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III. RESULTS
Figure 11, located on page twenty-three, is an
illustration of slope at different cuprous concentrations
for the spectrophotometer scans and various filter
combinations .
Upon comparing the various filter combinations
tested on the monitor, the 535 and 560 nanometer filter
combination produced a slope which most resembled the
spectrophotometer and remained linear up to a twenty gram
per liter cuprous concentration variation. Refer to
Figure 12 for a comparison of slope with cuprous
concentration for the spectrophotometer and the monitor
with 535 and 560 nanometer filters. Figure 13
illustrates the linearity of slope with cuprous
concentration variation for the monitor using 535 and 560
nanometer wavelength filters.
Slope changes with cupric variation at various
cuprous concentrations is illustrated on Figure 14
Cupric variation only affects the slope at fifteen grams
per liter of cuprous or greater when the cupric
concentration is 433 grams per liter. Increasing the
cupric content to 406.5 grams per liter and lowering the
cupric content to 322 grams per liter produced no
effect on slope variation from zero to twenty grams per
liter of cuprous.
Monitor scans of hydrochloric acid were identical
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to scans of water and produced a slope of .72 at zero
grams per liter of cuprous. No effect on slope variation
was evident over the zero to thirty gram per liter cuprous
concentration variation.
The effect of temperature variation at 68 to 120 F
at two cupric and cuprous concentrations was tested.
Variation in slope was independent of temperature over the
cuprous and cupric ranges of interest. Refer to Figure 15.
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Figure 12
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Figure 14
CUPRIC VARIATION VS CUPROUS CONCENTRATION (g/1)
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Figure 15
CUPRIC VARIATION VS CUPROUS CONCENTRATION (g/1)
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IV. DISCUSSION
The prototype monitor was developed from
experimental data collected from spectrophotometric scans
of the standard cupric chloride reference solution with a
zero to thirty gram per liter cuprous range using air as
a reference. Spectrophotometric scans of the wavelength
interval of 500 to 575 nanometers produced the optimum
slope variation. Spectrophotometric slope versus cuprous
concentration resulted in a linear plot. Based on the
precision and linearity of these results, the prototype
monitor was designed and constructed.
A) Advantages of Prototype Monitor
One advantage of using the prototype monitor and
calculating the slope of the absorbance at two
wavelengthes is elimination of the need to standardize the
monitor against a reference. Since only the slope between
the two points is used, absolute absorbances are not
required. Tests showed that the same slope was produced at
low, medium, and high intensity light levels.
Another positive feature inherent in this specific
monitor design is the use of a one millimeter flow thru
cell. This cell allows for solution to flow directly from
the etcher, through the cell, undiluted. The sample is
pumped through the cell at a constant rate of 9.80
milliters per minute. Standard etchant control methods
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involve taking a sample from the etcher, bringing it to
a process control lab, placing it into a one millimeter
cuvette with an eye dropper (or diluting the sample and
placing it into a larger cuvette) and scanning it with the
spectrophotometer. This one millimeter flow thru cell
simplifies the on-line monitor design.
The UV-100 detector is a high responsivity ultra
violet detector. It offers maximum response in the
spectral range of 250 to 550 nanometers and has continuing
response into the infrared wavelength region. The UV-100
when operating photovoltaically exhibits linear operation
in the wavelength range of interest and has a response
time of 0.5 to 1.0 u seconds.
The gain on the signal processor was set to produce
a high signal to noise ratio. The output of the signal
processor had a 1.35 volt range with a noise level of one
millivolt. This is a signal to noise ratio of over
1000:1. This allows for a stable, precise reading of the
etching solution.
Another specific advantage, based on actual monitor
testing, includes flexibility for easy alteration of the
wavelength of interest through filter changes. The
basic monitor design provides for a quick and simple
procedure for changing the filters. This allowed for the
testing of three different narrow band filter
combinations. These combinations included 500 to
570 500 to 580, and 535 to 560 nanometer wavelength
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bands. Of the three different combinations tested, the
535 to 560 nanometer wavelength combination produced the
nearest to linear results.
The 535 to 560 nanometer wavelength combination
produced a relationship that was linear from zero to
twenty grams per liter cuprous concentrations. This is
well within the cuprous concentration range at which a
typical cupric chloride etcher efficiently runs.
B) Effect of HC1, Cupric, and Temperature
The monitor output was found to be independent of
hydrochloric acid concentration over the cuprous range of
interest. Scans of undiluted samples of hydrochloric acid
produced a reading of 0.720 which is equivalent to water
and produced no effect on slope over the zero to thirty
gram per liter cuprous concentration range. The pH of
water was 7.0 and the pH of the acid was less than 1.0.
This indicated that the monitor was also
pH independent.
Monitor scans of cupric variation over the zero to
thirty gram per liter range were consistent up to twenty
grams per liter of cuprous. Typical etching solutions
usually contain between 350 to 400 grams per liter of
cupric. Inconsistencies in slope at twenty grams per
liter of cuprous occurred only at the 43 3 grams per
liter level of cupric. However, a typical cupric
chloride etcher does not run at such a high cupric
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concentration. The monitor does produce consistent,
linear results for a 322 to a 406.5 gram per liter cupric
range over the zero to twenty gram per liter cuprous
interval .
The effect of temperature variation on slope was
tested at room temperature
(68
F) and at a standard
etching temperature
(120
F) . This experiment was run
at levels of 351 and 406.5 grams per liter of cupric and
at fifteen grams per liter of cuprous and twenty-five
grams per liter of cuprous which are on the high end of
cuprous concentration. The high levels of cuprous were
used to test whether any solubility effects would be found
at the higher temperature. Results showed that the output
of the monitor was independent of temperature over this
range.
C) Regression Analysis
Regression analysis was performed on both the full
zero to thirty gram per liter cuprous range, and the range
of interest which consisted of a zero to twenty gram
per liter cuprous variation. Although both ranges had
significant linear relationships, the best fit occurred
with the zero to twenty gram per liter range. The
equation:
y = .0266X + .600
32
fitted the data with a 99% confidence level. This
equation can be used as a calibration curve for the
monitor to model the relationship between slope and grams
per liter cuprous.
33
V. CONCLUSION
A monitor was developed to measure the cuprous
chloride concentration in a typical cupric chloride
etching bath. Results showed that the slope of
absorbances at 535 and 560 nanometers increased linearly
with increasing cuprous concentration over a zero to
twenty gram per liter range. A regression analysis of the
data confirmed a linear relationship at a 99% confidence
level.
Normal operation of a typical cupric chloride
etcher with replenishment falls well within the linear
range of the monitor and therefore can be modeled by the
equation;
y = .0266X + .600
The monitor can be combined with present control
methods which include: a hydrometer (for specific
gravity) , an ORP meter (for cupric ions) , and an
automatic titrator (for acid content) to form a complete
analysis system for an etcher.
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APPENDIX A
Table 1
Bausch & Lomb Spectronic 2 000
MACHINE PARAMETER SETTING USED
Mode Absorbance
Start Wavelength 7 00nm
Stop Wavelength 450nm
Scan Speed lOOnm/min.
Scale Range
Absorbance A: 1.0000
Offset
Absorbance -0.500
Recorder Speed
X-Y Recorder 25nm/div.
Signal Average 3 ^i
Lamp Interchange
Wavelength 355.0 nm
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APPENDIX B
TABLE 2
DATE: 7/12/85
Solution Description: New
Reference: Cupric Chloride Standard Reference Solution
Wavelength Increment for Slope Calculation: 525-600nm
CALCULATED SLOPE FOR
CUPROUS CONCENTRATION (g/1)
TRIAL 30 25 20 15 10 5
1 1.60 1.33 1.05 0.88 0.50 0.27
2 1.62 1.33 1.03 0.88 0.51 0.27
3 1.63 1.33 1.05 0.87 0.52 0.27
4 1.63 1.33 1.06 0.92 0.53 0.28
5 1.58 1.33 1.03 0.92 0.50 0.27
X 1.61 1.33 1.04 0.89 0.51 0.27
a 0.02 0.00 0.01 0.02 0.01 0.00
Various amounts of cuprous were added to the standard reference
solution and scanned using the standard cupric chloride solution as a
reference. The components of the standard reference solution are as
fol lows:
380g cupric chloride
182ml HC1
water to make one liter
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APPENDIX B (continued)
TABLE 3
DATE: 7/15/85
Solution Description: New
Reference: Cupric Chloride Standard Reference Solution
Wavelength Increment for Slope Calculation: 525-600nm
CALCULATED SLOPE FOR
CUPROUS CONCENTRATION (g/1)
TRIAL 30 25 20 15 10
1 1.93 1.60 1.26 0.87 0.63
2 1.92 1.60 1.27 0.93 0.64
3 1.90 1.62 1.26 0.93 0.63
4 1.90 1.63 1.27 0.94 0.65
5 1.91 1.63 1.26 0.93 0.63
6 1.95 1.62 1.26 0.93 0.63
7 1.91 1.63 1.30 0.93 0.64
8 1.92 1.62 1.27 0.93 0.64
9 1.91 1.62 1.27 0.94 0.65
10 1.93 1.62 1.27 0.95 0.63
11 1.93 1.60 1.24 0.93 0.63
X
a
1.92
0.01
1.62
0.01
1.27
0.01
0.93
0.02
0.64
0.01
Various amounts of cuprous were added to the standard reference
solution and scanned using the standard cupric
chloride solution as a
reference. The components of the standard reference solution are as
fol lows:
380g cupric chloride
182ml HC1
water to make one liter
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APPENDIX C
TABLE 4
DATE: 7/16/85
Solution Description: 24 hrs. old
Reference: Cupric Chloride Standard Reference
Wavelength Increment for Slope Calculation: 525-600nm
CALCULATED SLOPE FOR
CUPROUS CONCENTRATION (g/1)
TRIAL 30 25 20 15 10 5
1 1.06 0.88 0.75 0.43 0.23 0.02
2 1.05 0.90 0.76 0.43 0.22 0.02
3 1.05 0.90 0.76 0.43 0.20 0.02
4 1.03 0.88 0.76 0.43 0.22 0.02
5 1.03 0.88 0.75 0.43 0.20 0.02
6 1.03 0.89 0.75 0.43 0.23 0.02
7 1.03 0.87 0.73 0.43 0.23 0.02
X 1.04 0.88 0.76 0.43 0.22 0.02
a 0.01 0.01 0.02 0.00 0.01 0.01
Various amounts of cuprous were added to the standard reference
solution and scanned using the standard cupric chloride solution as a
reference. The components of the standard cupric chloride solution are as
fol lows:
380g cupric chloride
182ml HCL
water to make one liter
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APPENDIX D
TABLE 5
DATE: 8/2/85
Solution Description: New
Reference: Air
Wavelength Increment for Slope Calculation: 500-575nm
SLOPE CALCULATED FOR
g/1 CUPROUS IN CuClg REFERENCE
TRIAL 30 25 20 15 10 5 0
1 1.75 1.61 1.34 1.00 0.64 0.30 -0.07
2 1.77 1.62 1.34 0.98 0.63 0.31 -0.06
3 1.77 1.67 1.33 0.98 0.65 0.30 -0.07
4 1.78 1.67 1.33 0.97 0.63 0.30 -0.06
5 1.77 1.66 1.32 0.98 0.63 0.32 -0.07
X 1.77 1.66 1.33 0.97 0.64 0.31 -0.07
a 0.01 0.02 0.01 0.01 0.01 0.01 0.01
Various amounts of cuprous were added to the standard reference
solution and scanned using air as a reference. The components of the
standard reference solution are as follows.
380g cupric chloride
182ml HC1
water to make one liter
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APPENDIX D (continued)
TABLE 6
DATE: 8/2/85
Solution Description: New
Reference: Air
Wavelength Increment for Slope Calculation: 500-575nm
SLOPE CALCULATED FOR FOR
g/1 CUPROUS CONCENTRATION IN TYPICAL ETCHANT SOLUTION
TRIAL 0.0
1 -0.05
2 -0.03
3 -0.03
4 -0.04
5 -0.03
x -0.04
a 0.01
5. 05
0. 46
0. 44
0. 45
0. 47
0 .47
0 .46
0 .01
10. 0
0. 97
0. 97
0. 95
0. 95
1 .00
0 .97
0 .02
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APPENDIX E
TABLE 7
DATE: 8/7/85
Solution Description: New
Reference: Air
Wavelength Increment for Slope Calculation: 500-575nm
CALCULATED SLOPE FOR
CUPROUS CONCENTRATION (g/1)
TRIAL 30 25 20 15 10 5 0
1 1.83 1.67 1.38 1.00 0.64 0.30 -0.03
2 1.83 1.67 1.37 1.01 0.67 0.30 -0.04
3 1.84 1.65 1.34 1.02 0.68 0.32 -0.03
4 1.81 1.66 1.35 1.01 0.65 0.31 -0.03
5 1.80 1.66 1.34 1.01 0.67 0.31 -0.03
X 1.82 1.66 1.36 1.01 0.66 0.31 -0.03
a 0.02 0.01 0.02 0.01 0.02 0.01 0.00
Various amounts of cuprous were added to the standard reference
solution and scanned using air as a reference. The components of the
standard reference solution are as follows:
380g cupric chloride
182ml HC1
. water to make one liter
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APPENDIX E (continued)
TABLE 8
DATE: 8/8/85
Solution Description: New
Reference: Air
Wavelength Increment for Slope Calculation: 500-575nm
CALCULATED SLOPE FOR
CUPROUS CONCENTRATION (g/1)
TRIAL 30 25 20 15 10 5 0
1 1.76 1.68 1.34 1.00 0.63 0.32 -0.03
2 1.77 1.62 1.34 0.96 0.67 0.32 -0.05
3 1.77 1.67 1.33 0.97 0.63 0.30 -0.04
4 1.75 1.66 1.34 0.97 0.63 0.33 -0.04
5 1.74 1.63 1.31 0.97 0.64 0.28 -0.08
X 1.76 1.65 1.33 0.97 0.64 0.31 -0.05
a 0.01 0.03 0.01 0.02 0.02 0.02 -0.02
Various amounts of cuprous were added to the standard reference
solution and scanned using air as a reference. The components of the
standard reference solution are as follows:
380g cupric chloride
182ml HC1
water to make one liter
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APPENDIX E (continued)
TABLE 9
DATE: 8/9/85
Solution Description: New
Reference: Air
Wavelength Increment for Slope Calculation: 500-575nm
CALCULATED SLOPE FOR
"g/1 CUPROUS IN CuC-L, REFERENCE
TRIAL 30 25 20 15 10 5 0
1 1.77 1.65 1.33 0.97 0.63 0.27 -0.07
2 1.76 1.67 1.33 0.98 0.62 0.26 -0.05
3 1.78 1.67 1.33 0.97 0.62 0.29 -0.07
4 1.80 1.63 1.32 0.96 0.61 0.28 -0.06
5 1.83 1.62 1.28 0.93 0.61 0.24 -0.08
X 1.70 1.65 1.32 0.96 0.62 0.27 -0.07
a 0.03 0.02 0.02 0.02 0.01 0.02 0.01
Various amounts of cuprous were added to the standard reference
solution and scanned using air as a reference. The components of the
standard reference solution are as follows:
380g cupric chloride
182ml HC1
water to make one liter
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APPENDIX E (continued)
TABLE 10
DATE: 8/12/85
Solution Description: New
Reference: Air
Wavelength Increment for Slope Calculation: 500-575nm
CALCULATED SLOPE FOR
g/1 CUPROUS IN CuCl2 REFERENCE
TRIAL 30 25 20 15 10 5 0
1 1.80 1.63 1.32 1.02 0.65 0.30 -0.06
2 1.77 1.65 1.29 0.97 0.65 0.29 -0.06
3 1.75 1.67 1.31 1.00 0.63 0.30 -0.60
4 1.73 1.62 1.32 0.99 0.63 0.28 -0.05
5 1.77 1.66 1.33 0.99 0.62 0.28 -0.07
X 1.76 1.65 1.31 0.99 0.64 0.29 -0.06
a 0.03 0.02 0.02 0.02 0.01 0.01 0.01
Various amounts of cuprous were added to the standard reference
solution and scanned using air as a reference. The components of the
standard reference solution are as follows:
380g cupric chloride
182ml HC1
water to make one liter
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APPENDIX F
In the monitor, there are two Tl TL-081 operational
amplifiers. These op-amps are used to amplify the signal
output from the detectors and convert the signal to a
voltage. The input impedance of the op-amps are much
greater than the impedance of the detectors. The op-amps
were calibrated to output the same signals without
filters.
The outputs of the two op-amps are then fed into
the 757N log ratio amplifier. Refer to Figure-16 and
Figure-17 on the following pages for op-amp and 7 57N
schematics. The 757N chip takes the log ratio of the two
signals and outputs that value to the multimeter as a D.C.
voltage.
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APPENDIX F (continued )
Figure 16
OP-AMP SCHEMATIC
FILTER
DETECTOR
R
I
FILTER
DETECTOR
I
LOG RATIO AMPLIFIER
(757M)
+ 15V
GAIN: V = R2 + R1 V
out in
APPENDIX F (continued )
Figure 17
LOG RATIO AMPLIFIER
(757N)
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Figure 18
REGRESSION ANALYSIS
SLOP! (X) VS. CUPROUS CONCENTRATION (g/1)
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Data Points: Xi = 0 5 10 15 2 0
Yi = -65 .72 .81 .95 1.20
where bi
where bo
Equation of Line
Yi = bi(X) + bo
Yi = .0266 + .600
iXiYi - ( 2 Xi) ( S Yi)/n
SXi - ( ZXi )/n
= Y - bix
APPENDIX G (Continued)
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Table 11
Source of
Variation
Due to
Regression
About
Regression
(residual)
Total,
Corrected
for mean Y
ANALISIS OF VARIANCE
Degrees of
Freedom
df
n-1
n-1
Sum of
Squares
(SS)
2(Yi - Y)
I (Yi - Yi)
2 (Yi - Y)
Mean
Square
(MS)
MSreg
s = SS
(n-2)
Table 12
ANOVA VALUES
Source of
Variation df S.S. M.S.
Regression 1 .17690 .17690/1
Residual
'
n-2 .01283 .00428
Corrected n-1
F = .17690/. 00428
F = 41.33178
F = 41.33178 > 34.116
Satisfies 99% Confidence Level
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